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Flue Gas Desulfurization (FGD) gypsum is a potential soil amendment for agricultural 
use in the state of Tennessee. FGD gypsum is a potential source of calcium and sulfur that may 
improve the soil both chemically and physically. FGD gypsum has the potential to raise pH, 
improve soil structure, increase infiltration rates, ameliorate subsoil acidity and improve crop 
yields. However, the addition of gypsum can also lower pH in some circumstances and cause 
magnesium and potassium losses in soil. In this study FGD gypsum was applied at a single rate 
to fields on thirteen farms located on the northern and southern Highland Rim and in the 
southern Outer Central Basin region of the state. These fields were then managed in conjunction 
with the farms’ conventional practices. Soil samples were collected and analyzed for pH, K, Ca, 
Mg and Al. Results showed that the application of FGD gypsum can either increase or decrease 
pH with the dependent factor seeming to be the initial pH level of the soil. Decreases were seen 
in K and Mg content of the soil. On the sites with the most acid subsoils, exchangeable 
aluminum was reduced in the upper subsoil. Increases in Ca were observed deep into the profile 
after the second year of the study. Soil physical properties were largely unchanged, as indicated 
by penetrometer, soil water and bulk density measurements. It is believed that the traffic 
associated with the application of the FGD gypsum negated most of the beneficial structural 
effects that are often seen with mined gypsum. Also since most of the locations were managed as 
no-till systems the effects of gypsum on water infiltration were negated by the residue left on top 
of the soil surface. This resulted in the absence of effect in the soil water measurements that were 
collected over the two years of the study. Corn yields were seen to improve after the application 
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In recent years legislation has passed forcing coal fire steam plants to reduce sulfur 
emissions.  The power industry is bringing many plants in our region up to the new government 
standards.  As a result of the modifications these plants are producing a new by-product, calcium 
sulfate, otherwise known as gypsum.  Thousands of tons of this gypsum are starting to pile up at 
these steam plants forcing the power companies to find a means of disposing of this product.   
Traditionally mined gypsum has been used in the construction industry as the primary 
component in drywall materials as well as an agricultural soil amendment (USDA, 2009).  
Compositionally the gypsum produced by the steam plants of our region is very similar to the 
mined gypsum that has been used in agriculture for many years.  However, impurities render 
much of the material unsuitable to be made into drywall.  Since the building material 
manufacturers are unable to utilize this material it is potentially an option for farmers located 
around the plants to apply this gypsum with minimal cost expenditure. 
For many years mined gypsum has been marketed to farmers for many purposes that 
stretch from soil conditioner to a good source of essential elements (Shainberg et al., 1989).  The 
benefits of using gypsum have been proven in many situations.  Gypsum may be used to reclaim 
sodic soils, helping bring them into production; also due to an ability to supply Ca without 
changing pH, gypsum has become a staple in peanut production (McMahhon et al., 2002).  In 
areas of the southeastern United States there is great potential that application of gypsum may 
help prevent aluminum toxicity (Sumner, 1995).    
This project evaluates the effects of using flue gas desulphurization (FGD) gypsum in 
various agronomic crops.  Measurements were made of soil water content, exchangeable 
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aluminum and other soil chemical properties, bulk density, soil strength and crop yields. The 
information obtained from this study should help provide a better understanding of the effects 
that (FGD) gypsum material will have when applied to various agronomic crops.  A better 
understanding of these effects will help both farmers and the energy providers to make educated 




2. Literature Review 
Mineral gypsum 
Gypsum (CaSO4*2H2O) is a yellowish white mineral distributed in large deposits across 
much of the world. Along with its dehydration products of hemihydrate and anhydrite, gypsum is 
found in sedimentary evaporate deposits alongside impurities of calcium and magnesium 
carbonate and sulfate salts (Hurlburt and Klein, 1971). Many gypsum deposits are found across 
North America in such locations as Arizona, Iowa, New Mexico, New York, and Texas (Doner 
and Lynn, 1989). Much of this mined gypsum is used in wallboard production, as an additive in 
pavements or marketed locally as a soil amendment (Hurlburt and Klein, 1971). Concentrations 
of the mineral may also be found downwind of exposed gypsiferous sediments, in coastal 
wetlands as a result of the neutralization of acid sulfates, and in xeric soils that achieve very high 
surface temperatures as occur in west Texas (Nettleton et al., 1982; Allen and Hajek, 1989). 
Gypsum is also available as a by-product from industrial processes such as phosphoric acid 
production, sulfuric acid neutralization, and sulfur dioxide (SO2) scrubbing (Shainberg et al., 
1989). 
Gypsum is a slightly soluble salt in aqueous solution, maintaining its intermediate level 
of solubility when compared to lime and calcium nitrate. The mineral is able to contribute to the 
ionic strength of most soils while allowing the continual release of the salt to the soil over a 
lengthy amount of time (Shainberg et al., 1989). The actual solubility of the gypsum is dependent 
largely on the both the size of the crystals as well as the characteristics of the soluble salts that 
are in direct contact with the mineral (Doner and Lynn, 1989). In particular the presence of a 
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CaCO3 coating on mined gypsum in calcareous soils can act to severely retard the solubility of 
the mineral (Doner and Lynn, 1989). The exchange of Ca for other exchangeable ions promotes 
the overall dissolution of gypsum in soils and may actually limit the effect of the material on 
raising calcium equilibrium levels by instead releasing diverse ions into soil solution (Shainberg 
et al., 1989). 
Use on dispersive soils 
There are many soils in arid, semi-arid, and humid environments across the world that are 
considered to be dispersive in nature. Dispersive soils lack structural stability and are very 
difficult to manage due to their erosive nature. Problems in these soils such as slaking and clay 
dispersion lead to a breakdown of soil aggregates at the surface that can be manifested into 
symptoms such as surface crusting, reduced water infiltration, and restricted plant growth 
ultimately leading to erosion (Shainberg et al., 1989). Quirk and Schofield (1955) established 
that the reason these soils become dispersed is the inability to supply sufficient electrolytes, 
through natural weathering processes, into soil solution to maintain flocculation. Gypsum 
application in proper quantities is a good solution to the electrolyte problems of dispersed soils 
(Shainberg et al., 1989). Dissolving gypsum is able to increase the level of electrolytes in 
solution to levels that allow for flocculation while introducing the divalent cation Ca
2+
 for 
exchange with monovalent cations (Shainberg et al., 1989). The results of the correct application 
is the overall prevention of dispersion along with increases in porosity, structural stability, soil 
tilth, drainage and a reduction in dry soil strength (Shainberg et al., 1989).  
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Sodic soil reclamation 
 According to Thompson and Troech (1993), sodic soils are low in soluble salts and have 
more than 15 percent of their exchange sites occupied by Na
+
. These soils are characterized as 




, as well as having 
greatly reduced infiltration rates resulting from colloid dispersion (Brady and Weil, 2000). Due 
to the extremely high pH, organic matter becomes dispersed, moving to the top of the soil and 
earning the ―black alkali‖ title previously used to describe these soils (Brady and Weil, 2000).  
 In order to reclaim these soils, Kelley and Arany (1928) explain that the Na
+
 ions must be 
displaced by the addition of soil amendments. This may be achieved by additions of gypsum, 
sulfur, or sulfuric acid which results in the Na
+ 
ions being bonded into NaSO4
-
 which is leachable 
from the soil (Brady and Weil, 2000). After treatment with gypsum or sulfur the physical 
characteristics of the soil begin to improve. These improvements include better soil aggregation 
and water infiltration alongside a reduction of salinity and sodicity (Brady and Weil, 2000). 
Due to gypsum’s availability and low application costs it has become the most used 
amendment for the reclamation of sodic soils (Shainberg et al., 1989). Hilgard (1906) did early 
work finding that gypsum, when applied at sufficient levels, would alter both the physiological 
and chemical characteristics of black alkali soils. Hilgard’s work showed that the treatment 
would work quickly and provide lasting effects, noting a great improvement in tilth and 
appearance. More recent work from Zahow and Amrhein (1992) shows that gypsum, in 
combination with aggregate stabilizing synthetic polymers, can further increase the infiltration 
rates of the reclaimed soil. 
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Amelioration of subsoil acidity 
 Many arable soils are plagued by levels of acidity that are severely toxic to plants. 
Although the effects of this acidity can be lessened by applications of lime, some soils are 
complicated with unresolved problems deeper in the profile. A combination of low pH and an 
abundance of available aluminum are harmful to plant health in the lower profile of certain soils. 
This subsoil acidity reduces lower root growth, limiting plants utilization of water from subsoil 
levels. This reduction in water results in lower yield potentials for the crop (Wolf,1975). 
Gypsum, where available, may be the most economic option for the long term 
improvement of the subsoil acidity problem (Farina et al., 1999). Since gypsum is a slightly 
soluble salt, it is able to leach Ca and SO4
-
 to the subsoil level fairly quickly and sustain the 
levels there for extended periods of time providing lasting effects (Shainberg et al., 1989). 
Gypsum is able to increase the quantity of exchangeable calcium deep in the profile, greatly 
reducing the negative effects of low pH subsoils (Sumner, 1970). As the gypsum leaches 
downward into the subsoil, sulfate ions pair with aluminum ions and react with hydroxide to 
form AlSO4, which is far less toxic to plants than Al
3+
. This increase in calcium quickens the 
displacement of aluminum; however it does not necessarily remove the aluminum from the 
exchange complex, especially in higher pH situations (Sumner, 1995; Essington, 2002).  
The reactions caused by applying gypsum can change a soils pH in either of two ways. 
Pavan et al. (1984) showed that in soils which are high in exchangeable aluminum, protons 
released by hydrolysis were likely to exceed hydroxide release causing a slight decrease in pH. 
These results are atypical and can be contributed to the salt effect where the calcium ion replaces 
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hydrogen in exchange sites increasing hydrogen ions in solution, thus reducing pH (Wolkowski, 
2000).  Ritchey et al. (1980) and Sumner (1986) elaborated that highly weathered soils which are 
low in exchangeable aluminum were in fact more likely to release hydroxide rather than protons 
resulting in a higher overall pH. This is due to the sulfate effect where sulfate replaces hydroxide 
resulting in higher pH levels (Shainberg et al., 1989). Shainberg et al. (1989) explained that due 
to the variability in field conditions these measurements are difficult to take and are often 
inaccurate. 
Effects on soil nutrients 
 Gypsum is an effective tool for land improvement due, in part, to its positive changes in 
soil nutrients. Gypsum applications supply an abundance of calcium and sulfur to the soil. Both 
calcium and sulfur are essential for healthy plant growth (Brady and Weil, 2000). Calcium 
deficiencies result in the deaths of terminal buds in shoots and apical tips in roots severely 
reducing overall plant growth (McMahon et al., 2002). Sulfur is essential for production of some 
amino acids and is a key structural component of most proteins (McMahon et al., 2002). Plants 
that are deficient in sulfur will exhibit chlorosis in the younger leaves along with weakened 
stems and reduced plant growth (McMahon et al., 2002).     
 Studies conducted by Farina and Channon (1988), Shainberg et al. (1989), and Pavan and 
Bingham (1986) showed following applications of gypsum, calcium, and sulfur levels 
significantly increased while magnesium content was significantly decreased. Farina et al. (2000) 
showed that the large amounts of calcium replaced the magnesium from the exchange sites, 
resulting in the overall leaching of magnesium. Mays and Mortvedt (1986) concluded that if the 
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gypsum was simply being used at rates consistent for the calcium or sulfur requirements that 
there was no need to apply additional magnesium. Due to magnesium’s importance to plant 
growth, Farina et al. (2000) recommended when applying large quantities of gypsum in sandy 
soils an application of magnesium should follow the treatment. 
Phosphorus, potassium, boron, zinc, and manganese levels following gypsum 
applications varied and were inconsistent (Farina et al., 2000). In some studies a large decline in 
topsoil potassium levels occurred; however this was attributed to improved growth and a higher 
selectivity coefficient for potassium (Shainberg et al., 1989). Farina et al. (2000) suggested 
fertilizer, according to soil test recommendations when encountering these situations. 
Soil erosion and infiltration 
 Application of gypsum can result in various physical improvements to the soil. By 
releasing electrolytes into solution, gypsum is able to stimulate aggregation of soil colloids 
allowing for improved water infiltration rates. Highly weathered soils of the southeast United 
States suffer from dispersive physical problems (Shainberg et al., 1989). By improving 
aggregation in these soils, gypsum applications can reduce runoff rates via improved infiltration. 
Agassi et al. (1985) studied the runoff rates of a gypsum treated wheat field. The findings of this 
study showed that gypsum was able to reduce runoff 70-85% on loessial soils. Studies conducted 
have shown that with an application rate as low as 4.9 metric tons per hectare of gypsum, erosion 
can be limited or even prevented on some Indiana soils (USDA, 2009). Agassi et al. (1985) 
concluded that gypsum was able to marginally improve crop yields by limiting erosion damage 
and loss of nutrients. 
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Crop yield  
Gypsum has great potential to improve crop yields by ameliorating subsoil acidity and 
increasing infiltration. The ultisols of the southeast could possibly benefit from both improved 
infiltration and reduced subsoil acidity levels. Many times the clays encountered in this region 
are dispersive, and thus lack the ability to absorb water from intense summer storms that hydrate 
the crops. Gypsum applications have been shown to improve infiltration rates under conditions 
similar to those found across the southeastern United States. Many of these soils with crusting 





the subsoil, where it accumulates, reducing subsoil acidity and improving root growth (Clark and 
Baligar, 2003). This deeper root growth observed after gypsum application allows the crop to 
uptake more water and nutrients, increasing overall yields (Radcliffe et al., 1986).   
A study from Georgia indicated that corn and alfalfa yields could be improved by as 
much as 50% in corn and alfalfa for as long as 16 years after the treatment (Toma et al., 1999). 
Toma et al. (1999) concluded these yield increases were due in large part to subsoil acidity 
amelioration as shown by reductions in exchangeable aluminum. Farina et al. (2000) supported 
this argument, showing a significant increase above simple lime applications in corn grain and 
silage yields after year five of their study. These yield increases appear to be more significant in 
droughty conditions; however they are still present at lesser response levels in years of relatively 
little moisture stress (Shainberg et al., 1989).     
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Flue gas desulfurization gypsum 
 Flue gas desulfurization gypsum, commonly referred to as FGD gypsum, is a synthetic 
product derived from the removal of SO2 from exhaust gasses at coal fired power plants. 
Emission control systems at the power plants remove sulfur dioxide from combusted gases using 
scrubbers (Miller, 2009). Scrubbers use lime or limestone reagent alongside a forced oxidation 
system to clean the sulfur dioxide from the exhaust, creating FGD gypsum as a by-product. 
Because of FGD gypsum’s similarities to mined gypsum, the two are able to be utilized in many 
of the same industrial processes. FGD gypsum may be used in agriculture, gypsum panel 
production, highway construction, mining applications, cement production, water treatment, and 
glass making processes (fgdproducts, 2009). Currently agriculture is the third largest consumer 
of FGD trailing wall board and cement production. Due to quality issues all FGD material is not 
suitable for industrial applications. This unsuitable FGD is stockpiled on site at the power plants 
causing storage issues. Miller (2009) estimates that by the year 2015 there will be 7-8 million 
tons per year available for use in agriculture. This gypsum is high in calcium and sulfur, contains 
very low levels of heavy metals and contains a significant amount of unreacted agricultural lime 




Table 1 FGD gypsum grab sample analysis for the Widows Creek facility 
Analysis  
 -----%---  --------Mg/Kg----- 
Calcium 24.1 Arsenic 2.75 
Magnesium  1.18 Boron 43.7 
Nuetralizing value (CCE)  11.1 Chromium 8.49 
Sulfate sulfur 16.1 Copper 4.19 
  Mercury 0.188 
  Potassium 324 
pH 8.05 Sodium 98.5 
  Phosphorus 92.8 
  Zinc 12.6 











Table 2 FGD gypsum grab sample analysis for the Paradise facility 
Analysis   
 -----%----  -------Mg/Kg----- 
Calcium 18.6 Arsenic 7.81 
Magnesium  1.21 Boron 40 
Nuetralizing value (CCE) 19 Chromium 10.5 
Sulfate sulfur 8.2 Copper 6.02 
  Mercury 0.137 
  Potassium 260 
pH 7.79 Sodium 110 
  Phosphorus 75.8 
  Zinc 49.6 





 FGD gypsum is made up of mostly the same constituents as gypsum from other sources. 
There are some concerns that the heavy metal content of the material could cause harm to the 
environment once the material has been applied to agricultural lands (Thornloe et al., 2009). The 
concentrations of the heavy metal constituents however are normally far below harmful 
thresholds that could cause damage to the environment (USDA, 2009; Tables 1 and 2).  
Gypsum application is able to reduce soil losses from agricultural lands by reducing 
water runoff and improving a soil’s structural stability. This reduction of erosion helps protect 
agricultural lands and natural water bodies. With food demand on the rise, the agriculture 
community must bring more marginal lands into production, drastically increasing the amount of 
annual erosive losses (Brady and Weil, 2000). By utilizing resources such as FGD, erosion can 
be minimized helping to protect agricultural and non- agricultural lands ensuring their continued 





3. Materials and Methods 
General description 
Thirteen studies involving the application of FGD gypsum to various agronomic crops 
and nursery stock were conducted on twelve farms in the Highland Rim and adjacent areas of the 
Outer Central Basin physiological regions of Tennessee (Table 3). Five of these studies were 
conducted on the northern portion of the Highland Rim in Montgomery and Robertson counties, 
while the remaining eleven studies were conducted on the Southern portion of the Highland Rim 
and adjacent areas of the Outer Central Basin in Franklin and Lincoln counties.  Montgomery 
and Robertson counties received their gypsum from the TVA coal fired steam plant at Paradise, 
Kentucky.  Franklin and Lincoln counties received their material from the TVA coal fired steam 
plant at Widows Creek, Alabama.  Fields were located with the assistance of the local agriculture 
extension agent.  Each test plot consisted of a portion of an agricultural or nursery field located 
on one of the thirteen farms within the four counties. The (FGD) gypsum material was spread in 
late winter through early spring 2007; the target application rate was five tons per acre across a 
five acre block. Analyses of grab samples from each TVA plant are given in Tables 1 and 2. 
The experimental units for this experiment include alfalfa, corn, cotton, soybeans, wheat, 
and nursery fields.  Both before and during the study the fields were managed as part of the 
farm’s normal cropping system, including crop choice, fertilization and liming. However, none 
of the fields had any known previous history of gypsum application.  Soil property data collected 
included soil water content, available aluminum, bulk density, soil strength by penetrometer, pH, 
and available Ca, Mg, and K.  Crop yield was also determined on some fields. 
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Table 3 Farms used in this study, with crops produced 
Location 2007 crop 2008 crop 
Commercial Nursery Redbuds redbuds 
Oak Grove Nursery Fallow dogwoods 
Steve Dickson Corn wheat/beans 
Martin Dickey Corn wheat/beans 
Woodall Brothers Corn wheat/beans 
Atkinson Farms Corn wheat/beans 
Glenn Varner Corn soybeans 
Kelly McBride Corn sorghum 
Lasater Farms Cotton wheat/beans 
Jimmy Menees A Soybeans corn 
Jimmy Menees B Alfalfa soybeans 
Doyle Moore Soybeans corn 
Riley Brothers Soybeans corn 
Fulton Brothers Corn wheat/beans 
 
Experimental site description for Montgomery County 
Experiments were conducted on three farms in Montgomery County. Montgomery 
County is located in the northern Highland Rim area of middle Tennessee. Clarksville is the 
county seat and largest center of trade for the county. The average annual temperature for the 
Clarksville area is 15.5 degrees C. The average freeze dates of the area are April 4 and October 
29 providing an average of 207 days per growing season. Clarksville receives an average of 
121.7 centimeters of precipitation per year (USDA-SCS, 1975). 
 Experimental site description at Moore Farm 
Moore farm is located in the north eastern corner of Montgomery County. The dominant 
soil type in this field is Pembroke (fine-silty, mixed, active, mesic Mollic Paleudalfs). This soil is 
characterized as deep, well drained soil formed in a layer of alluvium or residuum of limestone 
capped by approximately two feet of loess (USDA-SCS, 2004, Table 4).  
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Experimental site description at Menees Farm A 
Menees field A is located in the north eastern corner of Montgomery County. The 
dominant soil type is Pembroke (fine-silty, mixed, active, mesic Mollic Paleudalfs) (Table 4). 
USDA-NRCS (2009) 
  
Table 4 Typical profile of a Pembroke soil 
Ap  0 to 23 cm; dark brown (7.5YR 3/3) silt loam; weak fine granular 
structure; friable; common fine roots; neutral; clear wavy boundary.  
Bt1  23 to 46 cm; reddish brown (5YR 4/4) silt loam; weak fine subangular 
blocky structure; friable; common fine and medium roots; common 
distinct reddish brown (5YR 4/3) clay films on faces of peds; common 
fine black (10YR 2/1) manganese concretions throughout; neutral; 
gradual wavy boundary.  
Bt2  46 to 71 cm; yellowish red (5YR 4/6) silty clay loam; moderate 
medium subangular blocky structure; firm, slightly sticky, slightly 
plastic; common fine roots; common distinct reddish brown (5YR 5/4) 
clay films on faces of peds; common fine black (10YR 2/1) 
manganese concretions; moderately acid; gradual wavy boundary.  
Bt3  71 to 90 cm; red (2.5YR 4/6) silty clay loam; moderate medium 
subangular blocky structure; firm, slightly sticky, slightly plastic; 
common very fine roots; common prominent reddish brown (2.5YR 
4/4) clay films on faces of peds; common fine black (10YR 2/1) 
manganese concretions; moderately acid; gradual wavy boundary.  
Bt4  90 to 157 cm; dark red (2.5YR 3/6) silty clay loam; moderate medium 
subangular blocky structure; firm, slightly sticky, slightly plastic; few 
very fine roots; few distinct yellowish red (5YR 4/6) silt coats on 
faces of peds and common prominent reddish brown (2.5YR 4/4) clay 
films on faces of peds; common fine black (10YR 2/1) manganese 
concretions; strongly acid; gradual wavy boundary.  
Bt5  157 cm to 203 cm; dark red (2.5YR 3/6) silty clay; moderate medium 
subangular blocky structure; very firm, moderately sticky, moderately 
plastic; common prominent reddish brown (2.5YR 4/4) clay films on 
faces of peds; common fine black (10YR 2/1) manganese concretions; 




Experimental site description at Menees Farm B 
Menees field B is located in the northeastern corner of Montgomery County. The 
dominant soil type is Arrington (fine-silty, mixed, superactive, thermic Cumulic Hapludolls) 
(Table 5). This soil is characterized as the deep well drained floodplains or the bottoms of 
limestone sinks, and are susceptible to occasional brief flooding in late winter and early spring 
(USDA-SCS, 2004).  The Menees field B was located along a broad upland drainageway leading 
to a sinkhole. 
Experimental site description for Robertson County 
Field experiments were conducted on two farms in Robertson County. Robertson County 
is located in the northern Highland Rim area of middle Tennessee. Springfield is the county seat 
and main trading area of Robertson County. The average annual temperature of Springfield is 
14.4 degrees C. The average freeze dates of the area are April 7 and October 30 providing an 
average of 206 days per growing season. Springfield receives an average annual precipitation of 
121.1 centimeters (USDA-SCS, 1968).
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Table 5 Typical profile of an Arrington soil 
Ap  0 to 25 cm, dark brown (10YR 3/3) silt loam; moderate fine granular structure; 
very friable; many fine roots; slightly acid; gradual smooth boundary. (15 to 25 
cm thick)  
A  25 to 66 cm, dark brown (10YR 3/3) silt loam; few fine faint brown mottles; 
weak fine granular structure; very friable; common fine roots; slightly acid; 
gradual wavy boundary. (45 to 64 cm thick)  
Bw1  66 to 112 cm, dark yellowish brown (10YR 3/4) silt loam; few fine faint brown 
and yellowish brown mottles; weak medium subangular blocky structure that 
parts to weak fine and medium granular structure; friable; common fine roots; 
few fine black concentrations; slightly acid; gradual smooth boundary.  
Bw2  112 to 127 cm, dark brown (10YR 3/3) silt loam; few fine faint yellowish 
brown mottles; weak fine and medium granular structure; friable; few fine 
roots; few fine black concentrations; slightly acid; gradual smooth boundary. 
(Combined thickness of the Bw horizon ranges from 25 to 102 cm)  
C  127 to 191 cm, dark grayish brown (10YR 4/2) silt loam; few fine and medium 
distinct dark yellowish brown (10YR 4/4) and few fine faint grayish brown and 
brown mottles; massive; friable; common fine black concretions; neutral. 
USDA-NRCS (2009) 
Experimental site description at Fulton Brothers Farm 
Fulton Farm is located in the northeastern corner of Robertson County. The dominant 
soil type in this field is Dewey (Table 6) (fine, kaolinitic, thermic Typic Paleudults). This soil is 
characterized as a deep well drained upland soils pitted with limestone sinks or located on short 
hillsides (USDA-SCS, 1968). This particular field was on a hillslope.  These soils are formed 
from alluvium or weathered limestone and may contain small amounts of chert or loess mixed 
into the plow layer.  
Experimental site description at Riley Brothers Farm 
Riley Farm is located in the north western corner of Robertson County. The dominant 
soil types in this field are Crider (Table 7) (fine-silty, mixed, active, mesic Typic Paleudalfs) and 
Pembroke (fine-silty, mixed, active, mesic Mollic Paleudalfs). Crider silt loam is characterized as 
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deep well drained soils that are highly productive. The top layer of these soils consist of a loess 
cap between 61 and 102 cm thick covering a layer of old alluvium(USDA-SCS, 1968). 
Pembroke silt loam is characterized as deep, well drained layer of alluvium or residuum of 
limestone capped by approximately two feet of loess (USDA-SCS, 1968).  
Table 6 Typical profile of a Dewey soil 
Ap--0 to 15 cm; dark reddish brown (5YR 3/4) silt loam; moderate medium granular 
structure; friable; many roots; moderately acid; clear smooth boundary. (10 to 
25 cm thick)  
Bt1--15 to 43 cm; dark red (2.5YR 3/6) clay, dark red (2.5YR 3/6) dry; strong 
medium and thin fine subangular blocky structure; firm; common fine roots; 
common distinct clay films on faces of peds and in pores; strongly acid; clear 
irregular boundary.  
Bt2--43 to 64 cm; red (2.5YR 4/6) clay, red (2.5YR 5/6) dry; common fine 
prominent strong brown (7.5YR 5/6) and common medium distinct dark red 
(2.5YR 3/6), and yellowish red (5YR 4/6) variegations; strong medium angular 
and subangular blocky structure; firm; few fine roots; many distinct clay films 
on faces of peds and in pores; 2 percent chert gravel less than 3 cm across; 
strongly acid; gradual smooth boundary.  
Bt3--64 to 127 cm; red (2.5YR 4/6) clay, red (2.5YR 5/6) dry; common medium 
prominent strong brown (7.5YR 5/6) and common medium distinct dark red 
(2.5YR 3/6) and yellowish red (5YR 5/6) variegations; strong fine and medium 
angular and subangular blocky structure; firm; few fine roots; many distinct 
clay films on faces of peds and in pores; 2 percent chert gravel up to 1 inch 
across; strongly acid; gradual smooth boundary.  
Bt4--127 to 183 cm; mottled red (2.5YR 4/6) and strong brown (7.5YR 5/6) clay; 
few medium faint dark red (2.5YR 3/6) variegations; moderate medium and 
coarse subangular blocky structure; very firm; common distinct clay films on 
faces of peds and in pores; 2 percent chert gravel up to 2 inches across; few 
fine black and reddish brown concretions; strongly acid. (Combined thickness 





Table 7 Typical profile of a Crider soil 
Ap--0 to 20 cm; brown (10YR 4/3) silt loam; weak fine granular structure; very friable; many 
medium and fine roots; moderately acid; clear smooth boundary. (13 to 28 cm thick)  
Bt1--20 to 30 cm; brown (7.5YR 4/4) silt loam; weak fine subangular blocky structure; friable; 
many fine roots; few faint clay films on faces of peds; moderately acid; gradual smooth 
boundary. (0 to 25 cm thick)  
Bt2--30 to 61 cm; brown (7.5YR 4/4) silt loam; moderate medium subangular blocky structure; 
friable; common fine roots; common distinct brown (7.5YR 4/3) clay films on faces of 
peds; common black (7.5YR 2.5/1) manganese concretions; moderately acid; gradual 
smooth boundary. (25 to 76 cm thick)  
Bt3--61 to 97cm; reddish brown (5YR 4/4) silt loam; moderate medium subangular blocky 
structure; friable; common fine and very fine roots; common distinct reddish brown (5YR 
4/3) clay films on faces of peds; few fine prominent pale brown (10YR 6/3) silt coatings 
and black (10YR 2/1) manganese stains on some peds; few black (10YR 2/1) manganese 
concretions; strongly acid; gradual smooth boundary. (0 to 51 cm thick)  
2Bt4--97 to 127 cm; dark red (2.5YR 3/6) silt clay loam; moderate medium angular blocky 
structure; firm; few very fine roots; common prominent red (2.5YR 4/6) clay films on faces 
of peds; few fine prominent pale brown (10YR 6/3) silt coatings and black (10YR 2/1) 
manganese stains on some peds; common black (10YR 2/1) manganese concretions; 
strongly acid; gradual smooth boundary. (25 to 76 cm thick)  
2Bt5--127 to 254 cm; dark red (10R 3/6) clay, few fine prominent yellowish red (5YR 5/6) and 
(7.5YR 5/4) brown mottles; strong fine angular blocky structure; very firm, slightly sticky, 
slightly plastic; common prominent dusky red (10R 3/4) clay films on faces of peds; 
common black (10YR 2/1) manganese concretions; strongly acid.  





Experimental site description for Franklin County 
Field experiments investigating flue gas desulfurization gypsum (FGD) were conducted on four 
farms and three nursery fields in Franklin County. Franklin County is located on the Cumberland 
Plateau and southern Highland Rim physiological regions of the state, but all fields used in this 
study were on the Highland Rim.  Tullahoma is the main trading area of Franklin County. The 
average annual temperature for Tullahoma is 15.2 degrees C. The average freeze dates for the 
area is April 13 and October 20 providing an average of 200 days per growing season. 
Tullahoma receives an average annual precipitation of 137.6 centimeters (USDA-SCS, 1958). 
Experimental site description at Atkinson Farm 
Atkinson farm is located in central Franklin County. The dominant soil types used in this 
study are Dewey (fine, kaolinitic, thermic Typic Paleudults) and Emory (Table 8) (fine-silty, 
siliceous, active, thermic Fluventic Humic Dystrudepts). Dewey is characterized as a well 
drained upland soil that is derived from high grade limestone (Table 6; USDA-SCS, 1958). 
Emory silt loam is characterized as being a well drained soil of colluvial lands derived from 
recent deposits of colluvium and or local alluvium. Because it and its parental soils recent 





Table 8 Typical profile of a Emory soil 
Ap--0 to 20 cm; dark reddish brown (5YR 3/3) silt loam; moderate medium granular structure; 
friable; many fine and medium roots; medium acid; clear smooth boundary. (18 to 25 cm 
thick)  
Bw--20 to 81 cm; dark reddish brown (5YR 3/4) silt loam; weak medium and fine subangular 
blocky structure; friable; common fine roots; 5 percent angular fragments of chert up to 
1.3cm in diameter; medium acid; clear smooth boundary. (25 to 89 cm thick)  
Ab--81 to 107 cm; dark reddish brown (5YR 3/4) silt loam, weak medium granular structure; 
friable; few fine roots; medium acid; clear wavy boundary. (0 to 38 cm thick)  
Btb—107 cm to 152 cm; reddish brown (5YR 4/4) silty clay loam; few streaks and coatings of 
dark reddish brown (5YR 3/2); weak medium subangular blocky structure; few distinct 
clay films on faces of peds; few fragments of chert up to 1 inch in diameter; strongly acid. 
(25 to 64 cm thick) 
USDA-NRCS (2009) 
Experimental site description at Commercial Nurser  
Commercial Nursery is located in north central Franklin County. The dominant soil type 
used in this study is Dewey (fine, kaolinitic, thermic Typic Paleudults). This soil is characterized 
as a well drained upland soil derived from clayey residuum or clayey alluvium over residuum 
weathered from limestone. This soil has lost a large part of its surface soil due to erosion (Table 
6; USDA-SCS, 1958). 
Experimental site description at Dixon Farm 
Dixon Farm is located in the northern region of Franklin County. The dominant soil type 
used in this study is Dickson (Table 9) (fine-silty, siliceous, semiactive, thermic Glossic 
Fragiudults). This soil is characterized as a moderately well drained soil is formed from a 46 to 
61 cm layer of silt underlain by cherty limestone residuum. The subsoil is underlain by a silty 
fragipan that is very slightly permeable to water (Table 9; USDA-SCS, 1958).  
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Table 9 Typical profile of a Dickson soil 
Ap--0 to 25 cm; brown (10YR 5/3), crushed, silt loam; weak medium granular structure; friable; 
common very fine and fine roots throughout; common medium interstitial pores and 
common very fine and fine interstitial pores; strongly acid; abrupt smooth boundary. (3 to 
15 cm thick)  
Bw—25 to 51 cm; yellowish brown (10YR 5/6), interior, silt loam; moderate fine subangular 
blocky structure; friable; common very fine and fine roots; many very fine and fine tubular 
pores; few fine rounded iron-manganese concretions throughout; strongly acid; clear wavy 
boundary. (25 to 38 cm thick)  
E--51 to 58 cm; pale brown (10YR 6/3), interior, silt loam; weak fine subangular blocky 
structure; friable; common very fine and fine roots throughout; many very fine and fine 
tubular pores; common fine and medium rounded iron-manganese concretions throughout 
and common fine threads of light brownish gray (2.5Y 6/2) iron depletions throughout; 
brittle bodies up to 1.5 cm across make up 10 percent of the horizon; very strongly acid; 
abrupt irregular boundary. (3 to 6 inches thick)  
Btx1--58 to 81 cm; yellowish brown (10YR 5/4), interior, silt loam; strong very coarse prismatic 
structure parting to strong very coarse platy; very firm, many very fine and fine tubular 
pores; many distinct continuous dark yellowish brown (10YR 4/6), moist,clay films on 
faces of peds and in pores and common distinct continuous white (10YR 8/1), moist, silt 
coatings on faces of peds; few medium strong brown (7.5YR 5/6) masses of iron 
accumulation; brittle in more than 60 percent of the mass; very strongly acid; clear wavy 
boundary.  
Btx2--81 to 109 cm; yellowish brown (10YR 5/4), interior, silt loam; strong very coarse 
prismatic structure parting to strong very coarse platy parting to strong fine and medium 
angular blocky; very firm; many very fine and fine tubular pores; many prominent patchy 
dark yellowish brown (10YR 4/6), moist, clay films on faces of peds and in pores and 
common distinct continuous white (10YR 8/1), moist, silt coats on faces of peds; brittle in 
greater than 60 percent of the mass; very strongly acid; clear wavy boundary. (Thickness of 
the Btx horizon is 30 to 76 cm).  
2Bt--109 to 185 cm; 50 percent red (2.5YR 4/8), interior, and 30 percent olive yellow (2.5Y 6/8), 
interior, and 20 percent white (10YR 8/1), interior, clay; moderate fine subangular blocky 
structure; firm; common fine and very fine tubular pores; many distinct patchy yellowish 
brown (10YR 5/4), moist, clay films on faces of peds and in pores; very strongly acid; 
abrupt smooth boundary  
3Cr--185 to 206 cm; olive yellow (2.5Y 6/8), interior, and yellowish red (5YR 5/8), interior, and 




Experimental site description at Oak Grove Nursery field A and field B 
Oak Grove Nursery is located in the southwest corner of Franklin County. The dominant 
soil type in these fields is Decatur (Table 10) (fine, kaolinitic, thermic Rhodic Paleudults). This 
soil is characterized as a well drained upland soil that is derived from clayey alluvium and or 
residuum weathered from limestone. These soils have incurred severe erosion, losing most of the 
original topsoil and a portion of the underlying subsoil. As a result these soils have very slow 
infiltration rates and tend to have excess amounts of runoff (USDA-SCS, 1958). 
Experimental site description at Woodall Farm 
Woodall Farm is located in central Franklin County. The dominant soil types used in this 
study is Etowah (Table 11) (fine-loamy, siliceous, semiactive, thermic Typic Paleudults). This 
soil is characterized as being a well drained terrace soil that has lost twenty five to seventy five 
percent of the original surface soil to erosion while maintaining a thin ―loesslike‖ silt layer 
mixed in with the remaining surface soil. This soil formed in loamy alluvium and or colluvium 




Table 10 Typical Profile of a Decatur soil 
Ap--0 to 18 cm; dark reddish brown (5YR 3/2) silt loam, dark reddish gray (5YR 4/2) dry; 
moderate fine granular structure; friable; few red-coated spherical chert fragments; few 
fine roots; moderately acid; gradual wavy boundary. (8 to 23 cm thick)  
Bt1--18 to 30cm; dark reddish brown (2.5YR 3/4) silty clay loam, reddish brown (2.5YR 4/4) 
dry; moderate medium and fine subangular blocky structure parting to very fine blocky; 
friable; thin patchy clay films on faces of most medium-sized peds; few soft dark 
concretions; few fine weathered fragments of chert; moderately acid; gradual wavy 
boundary.  
Bt2--30 to 51 cm; dark reddish brown (2.5YR 3/4) silty clay loam, dark red (2.5YR 3/6) crushed; 
dry soil less than one-half unit of value higher; moderate very coarse subangular blocky 
structure parting to strong very fine blocky; firm; thin continuous dusky red (10R 3/3) clay 
films on faces of most peds; common fine pores lined with clay; few small soft dark 
concretions; few fine fragments of chert; very strongly acid; diffuse wavy boundary.  
Bt3—51 to 114 cm; dusky red (10R 3/4) clay, dark red (10R 3/6) crushed; dry soil less than one-
half unit of value higher; moderate very coarse subangular blocky structure parting to 
strong very fine blocky; firm, sticky, plastic; thin continuous dusky red (10R 3/3) clay 
films on faces of most peds; few small dark concretions; few fine chert fragments; very 
strongly acid; diffuse wavy boundary.  
Bt4--114 to 183 cm; dusky red (10R 3/4) clay; dark red (10R 3/6) crushed; dry soil is less than 
one-half unit of value higher; moderate very coarse subangular blocky structure parting to 
strong very fine blocky; firm, sticky, plastic; thin continuous dusky red (10R 3/3) clay 
films on faces of most peds; common small dark concretions; few fine fragments of chert; 
very strongly acid; diffuse wavy boundary.  
Bt5--183 to 305 cm; dusky red (10R 3/4) clay, dark red (10R 3/6) crushed; dry soil less than one-
half unit of value higher; moderate very fine blocky structure; firm, sticky, plastic; thin 
patchy dusky red (10R 3/3) clay films on faces of most peds; few small manganese 
concretions; few fragments of chert; very strongly acid. (Combined thickness of the Bt 





Table 11 Typical profile of an Etowah soil 
Ap--0 to 18 cm; dark brown (7.5YR 3/2) silt loam; moderate fine granular structure; very friable; 
common fine roots; medium acid; clear smooth boundary. (13 to 30) cm thick)  
Bt1--18 to 33 cm; yellowish red (5YR 4/6) silty clay loam; moderate medium subangular blocky 
structure; friable; common fine roots and pores; few thin patchy clay films on faces of 
peds; strongly acid; gradual smooth boundary.  
Bt2--33 to 61 cm; yellowish red (5YR 4/6) silty clay loam; moderate medium subangular blocky 
structure; friable; few fine roots and pores; many thin patchy clay films on faces of peds; 
few fine fragments of chert; strongly acid; clear smooth boundary.  
Bt3--61 to 97 cm; yellowish red (5YR 4/6) silty clay loam; moderate medium subangular blocky 
structure; friable; many thin patchy clay films on faces of peds; few fragments of chert; 
strongly acid; gradual smooth boundary.  
Bt4--97 to 137 cm; strong brown (7.5YR 5/6) silty clay loam, common fine and medium distinct 
red (2.5YR 4/6) mottles; moderate fine subangular blocky structure; firm; few fine roots 
and pores; many thin patchy clay films on faces of peds; few fragments of chert; strongly 
acid; gradual wavy boundary.  
Bt5--137 to 178 cm; strong brown (7.5YR 5/6) silty clay loam, common fine distinct red and few 
fine distinct light yellowish brown mottles; strong fine subangular blocky structure; firm; 
few fine roots and pores; thin patchy clay films on faces of peds; few fine and medium 
fragments of chert; strongly acid. (Combined thickness of the Bt horizon ranges from 127 
to more than 152cm.) 
USDA-NRCS (2009)  
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Experimental site description for Lincoln County 
Field experiments investigating (FGD) were conducted on three farms in and around 
Lincoln County. Lincoln County is located on the southern Highland Rim and Central Basin area 
of middle Tennessee. Fayetteville is the county seat and main trading area of Lincoln County. 
Published climacteric data is unavailable for Fayetteville; however due to proximity to 
Tullahoma, TN in Franklin county it can be assumed they share a similar type climate. 
Experimental site description at Lasater Brothers Farm 
Lasater Farm is located in the northern part of Madison County, Alabama just south of 
the Lincoln County line, on the Highland Rim. The dominant soil type used in this study is 
Dickson (Table 9) (fine-silty, siliceous, semiactive, thermic Glossic Fragiudults). This soil is 
characterized as a moderately well drained upland soil consisting of a silty mantle over residuum 
from weathered cherty limestone. This loess-capped soil contains a fragipan between 46 and 91 
cm limiting the soil overall productivity (USDA-SCS, 2004). 
Experimental site description at McBride Farm 
McBride Farm is located in the northern portion of Lincoln County in the Outer Central 
Basin. The dominant soil type used in this study is Tupelo (Table 12) (fine, mixed, semiactive, 
thermic Aquic Hapludalfs). Tupelo silt loam is characterized as a somewhat poorly drained 
terrace soil formed in clayey alluvium derived from limestone. Being only 30 to 46 cm above the 




Table 12 Typical profile of a Tupelo soil 
Ap--0 to 20 cm; dark grayish brown (10YR 4/2) silt loam; few fine and medium prominent light 
olive brown (2.5Y 5/4) mottles; weak fine granular structure; very friable; common fine 
roots; common small and medium black manganese concretions; moderately acid; abrupt 
smooth boundary. (13 to 25 cm thick)  
Bt1--20 to 38 cm; light olive brown (2.5Y 5/6) silty clay loam; moderate medium subangular 
blocky structure; friable; common fine roots; few faint light olive brown (2.5Y 5/4) clay 
films on faces of peds; few fine distinct yellowish brown (10YR 5/6) and few fine 
prominent strong brown (7.5YR 5/6) iron concentrations; common fine and medium black 
and dark brown manganese concretions; strongly acid; clear wavy boundary.  
Bt2--38 to 58 cm; light olive brown (2.5Y 5/4) silty clay; moderate medium subangular and 
angular blocky structure; firm; few fine roots; many distinct olive brown (2.5Y 4/4) clay 
films on faces of peds; many medium and coarse prominent yellowish red (5YR 4/6) and 
strong brown (7.5YR 5/6) iron concentrations; common fine and medium dark brown 
manganese concretions; common fine distinct light brownish gray (2.5Y 6/2) redox iron 
depletions; strongly acid; gradual wavy boundary.  
Bt3--58 to 81 cm; pale olive (5Y 6/3) silty clay; moderate fine and medium angular blocky 
structure; firm; few fine roots; many distinct light olive brown (2.5Y 5/3) clay films on 
faces of peds; many fine and medium prominent dark brown (7.5YR 4/4), and common 
fine distinct light olive brown (2.5Y 5/4) iron concentrations; common small and medium 
dark brown manganese concretions; common fine distinct light brownish gray (2.5Y 6/2) 
redox iron depletions; strongly acid; gradual smooth boundary. (Combined thickness of the 
Bt horizon ranges from 38 to 89 cm)  
Btg--81 to 137 cm; gray (N 6/0 ) clay; weak medium angular blocky structure; firm; many 
distinct light brownish gray (2.5Y 6/2) clay films on faces of peds; many medium and 
coarse prominent yellowish brown (10YR 5/6) and dark yellowish brown (10YR 4/4) iron 
concentrations; common medium and large black manganese concretions and stains on 
faces of peds; few 1/4 to 1 inch rounded pebbles of chert; strongly acid; gradual smooth 
boundary. (25 to 76 cm thick)  
Cg--137 to 165 cm; gray (N 6/0) clay; massive; very firm; many medium and coarse prominent 
yellowish brown (10YR 5/6) and light olive brown (2.5Y 5/4) iron concentrations; many 
medium and coarse black manganese concretions; few .5 to 2.5 cm pebbles of chert; 
slightly acid; clear wavy boundary.  




Experimental site description at Varner Farm 
Varner Farm is located in the northern portion of Lincoln County in the Outer Central Basin. The 
dominant soil type used in this study is Arrington (Table 5) (fine-silty, mixed, superactive, 
thermic Cumulic Hapludolls). This soil is characterized as being a well drained floodplain soil 
consisting of loamy alluvium derived from interbedded sedimentary rock. Being a floodplain soil 
flooding occurs frequently, limiting this Arrington type soil’s suitability for many crops (USDA-
SCS, 2004).  
Flue gas desulfurization gypsum material and application 
Flue gas desulfurization material was excavated from settling ponds and dry stacked at 
the Widows Creek and Paradise facilities.  In the fall of 2006, grab samples were taken from the 
edge of the storage ponds at both locations for analysis of properties related to agriculture use. 
The results of these analyses are shown in Tables 1 and 2. Local extension agents arranged the 
pick-up and delivery of the product to centralized locations where they then arranged the 
application of the material to the farms. The FGD gypsum material was spread in February, 
March and early April 2007, except for Menees B which was spread in May 2007. The target 
application rate was 12 metric tons per hectare across a 2 hectare block. However, rates fell well 
short of the intended rate in the northern locations. It is thought that the rates could have been as 
low as 3 tons per hectare at the Riley farm, and probably around 7 tons per hectare on Menees 
field B.  Generally the blocks were long, relatively narrow strips oriented in the direction of the 
normal row pattern in cropland field locations. Untreated areas adjacent to the spread area were 
used as the untreated comparison (check) plots. In nursery locations, adjacent blocks of 0.8 to 1.2 
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hectares were used as treated and untreated checks. Application of the material was coordinated 
by the local county agent, using locally available spreading equipment.  In the southern area, the 
rate applied was based on calibration of the spreader, while in the northern areas the rate was 
based on an estimate of the total material spread and the area covered. Rates are substantially 
lower on some fields in the north due to problems encountered while spreading the material. In 
cropland fields, the treated blocks and adjacent untreated areas were divided into ten paired 
segments of equal length for sampling purposes. Each treated and untreated pair was considered 
to be a replication for statistical purposes. A similar procedure was followed on the nursery 
fields, but due to the shorter length of the blocks the number of paired segments varied from 
three to five. 
According to farmers and applicators involved with the project, the material was highly 
inconsistent in moisture and in spreading characteristics. Many farmers reported difficulty 
spreading the material and there were a couple reports of debris contaminants. Due to the 
difficulties encountered in spreading the material it is believed that the application rates vary 
significantly from the originally recommended 12 metric tons per hectare in the northern area. 
Some plots are believed to have fallen short of the recommended rates. While spreading the 
material operators were forced to make many passes over the same locations to achieve the 
recommended rate.  It is possible all the machine traffic caused increases in compaction over the 
treated areas in some locations. After the applications were finished, the respective county agent 
then marked the boundaries of the treatment using a combination of field markers and maps or 
global positioning equipment. The treated areas were then paired to non treated areas on one side 
of the application and were divided into ten equal length segments along the long axis of the 
treated area.  The width of the treated area depended on the length of the field and the actual rate 
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applied, but it varied from 30 meters to more than 100 meters. To be sure that the samples were 
taken within treated and non treated areas, the edge of the treated strip where application was 
started was always used as a reference point. An area of 15 meters on both sides of the line 
dividing the treated and untreated area was used as a buffer strip. Samples were taken from the 
area just outside the buffer strip in treated and untreated areas. 
Soil chemical analysis 
Soil analyses were performed on samples from all locations involved in the study. Each 
soil sample taken was comprised of ten to twelve cores removed from the plots by a standard 1.9 
centimeter diameter soil probe. Due to dry soil conditions the last samples taken from both 
nurseries were removed by a large auger rather than the soil probe. The cores were then placed 
into a bucket and mixed thoroughly to obtain the final quantity to be dried in the lab. The first 
groups of soil samples were taken during the winter and spring seasons of 2008, about one year 
after initial application. This set of soil samples were taken on each of the ten treated and 
untreated paired segments at a depth of 0-15cm. The second set of soil samples were taken 
during the winter season of 2008 and 2009, 20 to 24 months after the initial application. Three 
samples were taken at depths of 0-15cm, 15-30cm, and 30-45cm to determine the effects, if any, 
of two years of leaching of Ca and sulfate ions to deeper depths in the soil.  To reduce the overall 
number of samples required by protocol the original 10 segments in the cropland fields were 
combined into 5 segments of twice the original length, resulting in 5 paired replications of 
treated and untreated samples for the second year samples. 
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All soil samples were air dried and ground with a mortar and pestle, passed through a 
2mm sieve, and then stored at room temperature. Soil samples were then taken to the University 
of Tennessee soil testing lab in Nashville, TN. where they were analyzed for pH, and available 
phosphorus, potassium, calcium, and magnesium. The pH analysis was determined by taking 
approximately 10cm
3
, of sample and mixing with 10ml of distilled water. The sample was then 
analyzed by using an H
+
 sensing electrode (Hanlon and Savoy, 2007). Phosphorus, potassium, 
calcium, and magnesium were analyzed using Mehlich 1 extraction (0.05N HCL and 0.025N 
H2SO4) which incorporates a sulfuric molybdate solution as the reagent (Hanlon and Savoy, 
2007). A 5cm
3
 air dried sample was  placed into a 50 ml extraction bottle with the solution and 
shaken for 5 minutes; after which absorbance was determined using ICP (Hanlon and Savoy, 
2007). Exchangeable aluminum was determined using potassium chloride extraction (Mickelson, 
1996). 
Gravimetric soil water analysis 
One or two gravimetric analyses of soil water content were conducted for each location. The 
original plan was to take at least one set of soil water samples during the summer growing season 
at each site each year, but due to time and weather constraints not all locations were sampled in 
the second year of the study. A standard soil probe was used to collect six samples from within 
each of the paired areas across all locations. The samples were taken at a depth of 0-15cm. 
Before being placed into their respectively labeled canisters, each sample was mixed thoroughly 
in buckets. After the samples arrived at the lab the canisters were opened and an initial weight 
was taken. Following the initial weighing the opened canisters were placed inside a Fisher 
Scientific (Stabil Therm) oven to be dried for twenty four hours at 105 degrees C. After the 
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samples had been dried, the soil canisters were then reweighed and water content was calculated 




W1= Wet weight of soil + canister 
W2= Dry weight of soil + canister 
W3= Total weight of water 
Wc= Weight of canister 
Bulk density 
Bulk density samples were taken for each of the locations both years in the winter and 
early spring using the short core method as described in Grossman and Reinsch, (2002). Samples 
were taken at depths of 1 to 8.6 cm from the soil surface (+ or – 0.5cm). Sample locations within 
the segments were chosen randomly, but obvious wheel track areas were avoided. The soil 
surface was smoothed.  A cylindrical aluminum cylinder 7.6 cm in length and 7.6 cm in diameter 
was placed in a protective steel sleeve and driven into the soil using a large sliding hammer.  
After the sleeve was driven into the ground a small shovel was used to remove the entire 
apparatus from the earth. The cylindrical core was removed from the sleeve and the ends of the 
sample were trimmed flush with the ends of the cylinder using a knife. Once the sample had been 
trimmed to size the soil was then removed and placed into plastic lined bags to be transported to 
the lab. Once at the lab the samples were then air dried for a period of time, ranging from 5 to 15 
weeks, before being placed into a Fisher Scientific (Stabil Therm) oven to dry for another twenty 
 
33 
four hours at a temperature of 65 degrees C. Once the samples were removed from the oven bulk 
density was calculated using the following equation (Grossman and Reinsch, 2002): 
Db= Mass of oven dried soil (grams)÷Total volume of soil (cm
3
) 
Penetrometer (soil strength) measurements 
Penetrometer measurements were taken at all locations each year of the study. Samples 
were taken in winter and early spring, at the same time that soil water and bulk density samples 
were being taken, A model CN-970 penetrometer (Soil Test Inc.) was used. The CN-970 is a 
cone type penetrometer that utilizes a 45.72cm penetration rod that includes a removable cone tip 
of 6.34 cm
2
 basal area and a conical area of 12.5 cm
2
 in conjunction with a proving ring with a 
dial indicator of 113 kg capacity. Measurements were taken by inserting the probe in a randomly 
chosen spot within each respective block, avoiding obvious wheel tracks. Recordings were made 
between 0 and 7.5 cm, between 7.5 and 15 cm, and between 15 and 22.5 cm utilizing the same 
location for each depth.  The readings that were taken represented the maximum resistance 
within the depth segment. The dial indicator was reset after each depth’s measurement was 
recorded, and the penetrometer was then inserted to the bottom of the next depth increment .  
After recording the measurements the following conversion was made using Microsoft Excel 
software to determine actual kilograms of resistance pressure (Davis, 2006). 
X(kg)=0.146730302*Y(indicator gage reading)+0.9881864888 
Crop yield 
Yields were collected from various crops being grown on eight fields involved in this 
study. The crops were harvested using farmer owned combines from a measured area within the 
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treated and untreated strips. Yields were determined by weigh wagons in most cases and by yield 
monitoring equipment installed in the combine where it was available. Due to the fact there were 
relatively few numbers of fields of any one crop, the yield data was transformed from absolute to 
relative yield for statistical analysis. Crop yield data was transformed by dividing the treated 
yield of a particular field by the untreated yield from the same field. The resulting ratio was 
assigned as the treated yield while the untreated yield was assigned a value of one. Statistical 
analysis was then conducted on the relative yields across all crops, essentially treating the 
locations as replications.  
Statistical analysis 
Statistical analysis was conducted for all experiments using standard generalized linear 
models with SAS 9.2 (2009) software package. The main effect of FGD gypsum rate was tested 
at the P ≤ 0.10 probability levels. The probability level of P ≤ 0.10 was chosen due to the applied 
nature of this study. Due to inconsistencies of natural environments the 90% probability was 
considered to be the best fit for this experiment. For all measurements except crop yield, the data 
was analyzed as a randomized complete block design with multiple locations, with the samples 
within the treated and untreated areas being treated as replications. The replications were not 
truly randomized, given that they were paired segments in side by side strips, but as there were 
only two treatments it was determined that this was unlikely to result in serious bias of the data, 
especially when locations were combined. Multiple models were run to evaluate the data due to 
differences in the source of the material applied to the northern locations and the southern 
locations. The northern locations and the southern locations were analyzed separately, and then 
an overall analysis was conducted across all locations. Each site was then analyzed separately, 
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treating the samples within the treatments as replications. These multiple models were developed 
to help observe any differences in the behavior of the material from separate plants and at among 
various applied locations. For yield, since the data consisted of only one observation per 
treatment from each location, locations were combined and the treatment by location effect was 





4. Results and Discussion 
Northern locations year one 
Soil pH (Table 13) 
FGD gypsum application significantly decreased the overall pH from 6.25 to 6.15 (Table 
13). This decrease would not typically be expected from a material containing a sizable lime 
constituent; however the effect may be linked to a salt effect caused by the addition of the 
gypsum as noted in Wolkowski (2000). The salt effect occurs when Ca or other cations displace 
H ions from soil exchange sites which acts to lower the soil pH (Pavan et al., 1984). The only 
location where this decrease was not observed was at Menees A where there was a slight 
increase in pH in the treated area.  
Soil nutrients: K, Ca, and Mg (Table 13) 
Potassium levels were not found to be significantly different for the first year after 
application, indicating there was no displacement of this nutrient by the excess Ca. Calcium 
levels increased, as was expected, at all locations. Levels of Ca across all locations increased 
from 2970kg/ha to 3832kg/ha (Table 13). Magnesium levels fell significantly as was reported by 
Shainberg (1989), indicating that Ca had replaced some Mg in the exchange complex lowering 
the overall levels from 299kg/ha to 239kg/ha (Table 13). This trend was observed at all 
locations, though it was statistically significant at only two of the five. 
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Table 13 Soil chemical properties of northern locations year one 
 PH K Ca Mg 
 ------------------------------------------kg/ha------------------------------------------- 
Untreated Treated Untreated Treated Untreated Treated Untreated Treated 
Fulton  6.34 6.05 312 299 1813 3420 371 197 
Menees A 6.05 6.25 296 255 2437 3173 205 204 
Menees B 6.29 6.13 185 199 3689 4176 195 177 
Moore 6.28 6.12 319 324 2639 3614 378 338 
Riley 6.28 6.20 208 204 2682 2726 184 147 
         
Overall 6.24 6.15 296 287 2970 3832 299 238 
Bold numbers indicate significant differences between treated and untreated fields 
 
Soil structural components: penetrometer and bulk density (Tables 14 and 15) 
Penetrometer readings increased significantly at the depths of 0 -7.5 cm and 7.5 -15 cm 
for the treated area. Averages jumped from 599 kg/cm
2
 to 708 kg/cm
2
 between 0 and 7.5 cm and 
from778 kg/cm
2
 to 868 kg/cm
2
 at the 7.5cm to 15cm depth (Table 14). This increase was 
probably due to the large amounts of traffic covering the treated areas associated with the 
spreading of the material. This trend was observed across all locations. At a depth of 15 to 22.5 
cm the penetrometer readings were not found to be different. However the penetrometer 
indicated there were slight increases in compaction at Fulton and Riley locations at the 15 to 22.5 
cm depth. Bulk density was unchanged after the first year (Table 15). This is a bit surprising 
given the penetrometer results, and leads to the question of whether the increase in penetrometer 
resistance might be due to some changes in soil structural aggregation associated with gypsum 




Table 14 Northern locations penetrometer year one 
 0-7.5 cm 7.5-15 cm 15-22.5 cm 
--------------------------------------Kg of pressure-------------------------------------- 
Untreated Treated Untreated Treated Untreated Treated 
Fulton 337 371 509 548 649 690 
Menees A 719 732 1063 1072 1180 1131 
Menees B 701 853 843 907 951 774 
Moore 724 1019 838 1038 855 746 
Riley 517 563 637 772 598 727 
       
Overall 599 708 778 867 847 814 
Bold numbers indicate significant differences between treated and untreated fields 
 
 
Table 15 Northern locations bulk density and soil water year one 




Untreated Treated Untreated Treated 
Fulton  1.290 1.224 0.182 0.183 
Menees A 1.353 1.380   
Menees B 1.396 1.436 0.172 0.169 
Moore 1.477 1.419 0.165 0.169 
Riley 1.287 1.265 0.106 0.123 
     
Overall 1.360 1.344 0.156 0.161 
Bold numbers indicate significant differences between treated and untreated fields 
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Soil water (Table 15) 
Soil water content increased across locations moving from 15.6% to 16.1% in the treated 
areas (Table 15).  However, most of this observable difference came from one location, Riley 
farm. The increase in water content was expected and further substantiates work from Agassi et 
al. (1985). Menees B was the only location that did not show numerical increases in soil water 
which is most likely the result of differences in soil type rather than any factors associated with 
the gypsum application. 
Southern locations year one 
Soil pH (Table 16) 
The pH of soils in the southern locations significantly increased with the application of 
FGD gypsum. Average pH increased from 6.14 to 6.33 which should be expected given the 
portion of unreacted lime in the FGD gypsum (Table 16). The only locations that this increase in 
pH did not occur were at the McBride and Oak Grove fields. These two fields had the highest 
untreated pH levels in the study. With the pH already at or approaching neutrality in these fields 
the salt effect may have outweighed the effect of the additional lime. 
Soil nutrients: K, Ca, and Mg (Table 16) 
Potassium levels were not found to be significantly different after the application of the 
FGD gypsum; indicating there was no displacement of the nutrient. Calcium levels increased 
significantly across all locations, increasing from 4217 kg/ha to 5554 kg/ha where the treatment 







Table 16 Soil chemical properties of southern locations year one 
 PH K Ca Mg 
 ------------------------------------------kg/ha---------------------------------------- 
Untrt Trt Untrt Trt Untrt Trt Untrt Trt 
Atkinson 6.17 6.28 326 337 3559 4680 207 229 
Commercial 5.52 5.64 181 194 1578 2386 134 156 
Lasater 5.66 6.17 233 509 1758 2489 202 366 
McBride 6.44 6.35 139 142 6821 8076 434 452 
Oak Grove 7.46 7.26 269 266 4069 5095 503 509 
Dixon 6.08 6.56 159 187 2381 4000 142 144 
Varner 5.66 5.70 120 130 7307 8744 254 277 
Woodall 6.11 6.71 117 112 2644 4200 426 468 
         
Overall 6.14 6.33 217 264 4217 5554 322 364 
Bold numbers indicate significant differences between treated and untreated fields 
 
Soil structural components: penetrometer and bulk density (Table 17 and 18) 
Penetrometer readings were not significantly different between treatments at any of the 
three depths (Table17). However, most locations, excluding Woodall and Atkinson farms, did 
show a trend toward increased resistance across all depths of the treatment. Bulk density did not 
change across locations (Table 18).  
Soil water (Table 18) 
Soil water levels did not differ significantly across locations (Table 18). This result was 
not expected. It is entirely possible that the southern locations had not received adequate rainfall 
to demonstrate differences in infiltration prior to the samples being taken from the fields. The 
only exception was at the McBride farm where available water was increased significantly on the 
gypsum treated portion of the field. While this may be a result of chance only, it is interesting to 
note that the Tupelo soil at the McBride farm probably had the poorest surface soil physical 
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properties of any field in the study, and might be expected to benefit more from any soil 
aggregation changes as a result of gypsum application. 
Table 17 Southern locations penetrometer year one 
 0-7.5 cm 7.5-15 cm 15-22.5 cm 
--------------------------------------Kg of pressure-------------------------------------- 
Untreated Treated Untreated Treated Untreated Treated 
Atkinson  638 680 729 717 635 610 
Commercial       
Lasater 878 931 1133 1107 1135 903 
McBride 340 296 473 534 475 495 
Oak Grove      
Dixon 565 635 804 839 783 902 
Varner 397 534 458 595 487 679 
Woodall 362 281 633 585 588 610 
       
Overall 530 559 705 730 684 700 
Bold numbers indicate significant differences between treated and untreated fields 
 
Table 18 Southern locations bulk density and soil water year one 




Untreated Treated Untreated Treated 
Atkinson  1.473 1.453   
Commercial  1.359 1.412 0.162 0.150 
Lasater 1.351 1.376   
McBride 1.396 1.347 0.188 0.200 
Oak Grove 1.357 1.384 0.321 0.323 
Dixon 1.480 1.467 0.178 0.176 
Varner 1.489 1.462   
Woodall 1.419 1.383 0.134 0.134 
     
Overall 1.415 1.410 0.196 0.196 




Combined locations year one 
Soil pH (Table19) 
The pH of soils increased significantly across locations with the application of FGD 
material (Table 19). This indicates that the FGD gypsum will have a potential liming effect as 
would be expected from the lime constituent in both TVA sources. It is possible that on the 
higher pH soils that the liming effect will be dominated by a salt effect essentially lowering pH.  
Soil nutrients: K, Ca, and Mg (Table19) 
Potassium levels were not found to be significantly different for the first year after 
application, indicating there was no displacement of this nutrient by the excess Ca (Table 19). As 
expected, calcium levels increased significantly across all locations moving from 3337 kg/ha in 
the untreated checks to4368 kg/ha in the treated areas indicating that the large amounts of Ca in 
the gypsum had moved into solution and were available for reaction (Table 19). Magnesium 
levels were unchanged by the increase in available calcium. 
Soil structural components: penetrometer and bulk density (Table 19) 
Penetrometer measurements increased significantly across locations at both the 0-7.5 cm 
and the 7.5-15 cm depths. This is most likely the result of extra compaction from the spreading 
equipment used to apply the material. At the 15-22.5 cm depth there was no increase meaning 
that the compaction issue was limited in large part to the upper portion of the profile as would be 
expected with a properly timed application. Bulk density was unchanged. The fact that the bulk 
density was not changed raises a question as to whether the difference in penetrometer resistance 
was due solely to compaction, or whether it may in part have been associated with increases in 
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soil aggregate stability stability associated with the increased electrolyte content from the 
gypsum.   
Soil water (Table19) 
Soil water levels remained unchanged across locations. This was not expected but may be 
explained by inadequate rainfall at the southern locations prior to sampling. The timing of 
sampling would be expected to be important, as infiltration effects will be most strongly 
expressed soon after a rainfall event. However, with unchanged bulk density across the southern 
locations it is possible that there were no true increases in infiltration rates. It is also important to 
note that all fields were farmed using no-till systems, which leaves the soil covered with residue. 
This may also have negated any infiltration effect from more stable aggregation, since the soil 
aggregates were protected by the residue from raindrop impact. 
Table 19 Soil properties all locations, year one 
 Units Untreated Treated 
pH  6.18 6.26 
K kg/ha 220 243 
Ca kg/ha 3337 4368 
Mg kg/ha 280 282 
Penetrometer 0-7.5 cm kg/cm
2 
562 627 
Penetrometer 7.5-15 cm kg/cm
2 
738 792 






Soil water % 0.178 0.18 
Bold numbers indicate significant differences between treated and untreated fields 
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Northern locations year two 
Soil pH (Table20) 
The pH of treated soils decreased significantly across the 0-15 cm, 15-30 cm, and 30-45 
cm depths (Table 20). This result was not expected, however it does coincide with the findings of 
the first year. Due to the fact that all locations in the north are managed at relatively high pH 
levels it is likely the salt effect is continuing to mask the liming effect that was expected from the 
Paradise FGD gypsum. It is also possible that the materials spread were different in lime content, 
both between locations and between loads. Grab samples taken at the power plants (Tables 1 and 
2) before application actually indicated a greater calcium carbonate equivalent (CCE) with more 
liming benefit in the northern material than in the southern, but this may not have been 
representative of the material actually spread. 
Soil nutrients: K, Ca, and Mg (Table 20) 
Potassium levels still did not respond after the second year of the study across the 0-15 
cm and 15-30 cm soil depths (Table 20). At the 30-45 cm depth there was a significant increase 
in potassium; however it is most likely attributable to the large differences observed at Fulton 
farm. The FGD gypsum product’s excess Ca did not affect the potassium levels in the soil, as it 
was expected to do. Calcium levels remained significantly higher at the 0-15 cm depth. The 
magnitude of the increase in Ca in the 0 - 15 cm layer is less than would be expected, but this is 
strongly influenced by the odd result at Menees B, where the Ca level was much higher in the 
untreated area. This is most likely the effect of a roadbed with a limestone gravel underlay that 
sits above the untreated portion of the field. At the 15-30 cm and the 30-45 cm depths there were 
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no differences observed in Ca, indicating the material had failed to move deep into the profile. 
Magnesium levels declined significantly as was expected but unseen during the first year of the 
study. This effect was significant at the 0-15 cm and 15-30 cm depths where levels fell from 270 
kg/ha and 231 kg/ha to 197 kg/ha and 201 kg/ha (Table20). This result coincides with findings 
from Pavan and Bingham (1986) where magnesium levels were reduced significantly following 
gypsum application. It is curious that Mg declined at the 15-30 cm depth with no corresponding 
increase in Ca. 
Table 20 Soil chemical properties of northern locations year two 
Location depth pH K Ca Mg 
                        ---------------------------------------kg/ha-------------------------------- 
Untrt Trt Untrt Trt Untrt Trt Untrt Trt 
Fulton 0-15 cm 6.80 6.36 281 326 2778 3182 305 178 
 15-30 cm 6.54 6.14 163 141 2773 2621 241 135 
 30-45 cm 6.56 6.24 122 124 2538 2540 156 145 
Menees A 0-15 cm 6.56 6.46 362 391 3630 4910 263 230 
 15-30 cm 6.70 6.30 199 194 3089 3256 243 229 
 30-45 cm 6.64 6.28 161 151 3087 3241 233 232 
Menees B 0-15 cm 6.50 6.22 269 225 4283 3794 203 148 
 15-30 cm 6.58 6.48 108 117 3159 3154 185 180 
 30-45 cm 6.60 6.28 107 110 2987 2934 183 189 
Moore 0-15 cm 6.48 6.28 326 309 3299 3960 382 277 
 15-30 cm 6.42 5.98 160 162 2901 2927 316 309 
 30-45 cm 6.36 6.08 117 155 2825 3111 293 313 
Riley 0-15 cm 6.84 6.80 198 234 3282 3469 195 152 
 15-30 cm 6.46 6.76 78 102 2563 2502 172 151 
 30-45 cm 6.62 6.04 84 85 2704 2403 194 156 
          
Overall 0-15 cm 6.63 6.42 287 297 3454 3863 270 197 
 15-30 cm 6.54 6.33 142 143 2897 2892 231 201 
 30-45 cm 6.55 6.18 118 125 2828 2846 212 207 




Soil structural components: penetrometer and bulk density (Tables 21 and 22) 
Penetrometer measurements increased significantly in the treated areas at the 0-7.5 cm 
depth increasing from 143 kg/cm
2
 to 173 kg/cm
2 
(Table 21). Although the observed differences 
fell short of being significant, there also seemed to be a trend towards more compaction on the 
treated areas at the 7.5-15 cm and 15-22.5 cm depths. This outcome is not expected and 
disagrees with the findings of Agassi et al. (1985). Bulk density measurements showed no 
significant difference between the untreated checks and the areas applied with FGD gypsum 
(Table 22). This result was not expected and also disagrees with the findings of Agassi et al. 
(1985). One possible reason no differences were found in penetrometer and bulk density 
measurements at these locations is the lower applied rates of the FGD material may have been 
insufficient to bring about measurable amounts of soil aggregation. It is also likely that the extra 
traffic required to spread the material offset any aggregation effects. 
Soil water (Table 22) 
Soil water measurements revealed no differences in available water content between the 
untreated checks and FGD applied treatments (Table 22). This would be expected given the 
previously stated penetrometer and bulk density findings. It is possible that this study lacked 
enough well timed measurements to observe any true differences in available water, and that the 
use of no-till farming practices limited any infiltration effect. 
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Table 21 Northern locations penetrometer year two 
 0-7.5 cm 7.5-15 cm 15- 22.5 cm 
--------------------------------------Kg of pressure-------------------------------------- 
Untreated Treated Untreated Treated Untreated Treated 
Fulton  95 126 156 164 188 241 
Menees A 186 187 330 262 321 283 
Menees B 189 175 376 347 326 311 
Moore  64 138 110 245 214 325 
Riley 182 238 249 274 228 236 
       
Overall 143 173 244 258 255 279 












Table 22 Northern locations bulk density and soil water year two. 




Untreated Treated Untreated Treated 
Fulton  1.449 1.487 0.115 0.123 
Menees A 1.399 1.475   
Menees B 1.420 1.465 0.174 0.171 
Moore  1.398 1.330 0.149 0.163 
Riley 1.481 1.504 0.170 0.168 
     
Overall 1.430 1.452 0.152 0.156 




Southern locations year two 
Soil pH (Table 23) 
As was the case during the first year of the study, soil pH increased significantly at the 0-
15 cm and 15-30 cm depths and an insignificant, but similar type increase was observed at the 
30-45 cm depth (Table 23).  This is the expected reaction of the FGD gypsum material as 
opposed to the northern locations where the FGD material appears to have lowered overall pH. 
The interesting portion of these results is at the two lower depths, where it appears the material is 
going to have a potentially lasting effect below the portion of the profile affected by traditional 
liming practices. 
Soil nutrients: K, Ca, and Mg (Table 23) 
Potassium levels decreased significantly at the 0-15 cm and 15-30 cm depths indicating 
that excess Ca has begun to replace K in solution (Table 23). This effect was expected and 
supports some of the effects noted by (Farina et al., 2000). There were no significant differences 
observed at the 30-45 cm depth. Calcium levels increased significantly across all depths as was 
expected. This proves the material is affecting the deeper portions of the profile. Magnesium 
levels decreased significantly at the 0-15cm depth indicates Ca is replacing a portion of the Mg 
as would be expected. However there were no differences in available Mg at the 15-30 cm depth. 
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Table 23 Soil chemical properties of southern locations year two 
 depth pH K Ca Mg 
 --------------------------------kg/ha---------------------------------- 
Untrt Trt Untrt Trt Untrt Trt Untrt Trt 
McBride 0-15 cm 6.62 6.90 178 120 7693 8884 410 411 
 15-30 cm 6.72 6.64 77 54 6638 7131 359 379 
 30-45 cm 6.68 6.76 54 47 6568 6884 318 353 
Lasater 0-15 cm 6.06 6.22 338 294 2300 3015 306 183 
 15-30 cm 6.14 6.12 128 126 1837 2249 183 190 
 30-45 cm 5.22 5.34 82 79 1395 2068 153 167 
Woodall 0-15 cm 6.26 6.56 98 105 2400 3588 417 400 
 15-30 cm 6.34 6.70 45 47 2561 3127 256 297 
 30-45 cm 6.44 6.66 43 42 2434 2826 151 182 
Atkinson 0-15 cm 6.38 6.64 334 314 3434 6385 170 224 
 15-30 cm 6.44 6.76 149 140 2494 3389 165 226 
 30-45 cm 6.50 6.66 92 92 2371 3617 168 225 
Varner 0-15 cm 6.04 6.10 113 137 8310 8857 263 228 
 15-30 cm 6.32 6.10 41 51 8622 8700 235 245 
 30-45 cm 6.32 6.16 42 45 8837 8355 280 298 
Dixon 0-15 cm 6.46 6.44 244 201 4341 5520 173 132 
 15-30 cm 6.48 6.60 116 132 2634 2784 154 123 
 30-45 cm 6.14 6.26 91 101 2487 2762 112 131 
Commercial 0-15 cm 5.44 6.12 275 221 1700 2160 157 148 
 15-30 cm 5.18 5.28 147 107 1499 1624 129 124 
 30-45 cm 5.50 5.70 96 81 1805 1733 122 117 
Oak Grove 0-15 cm 6.68 6.81 321 291 3495 4544 535 498 
 15-30 cm 6.43 6.51 229 198 3268 3517 446 365 
 30-45 cm 6.78 6.58 130 159 2536 2470 360 355 
          
Overall 0-15 cm 6.24 6.47 238 210 4209 5369 304 278 
 15-30 cm 6.25 6.34 117 107 3694 4065 241 244 
 30-45 cm 6.19 6.26 79 81 3554 3839 208 229 




Soil structural components: penetrometer and bulk density (Table 24) 
Penetrometer measurements revealed no differences between treatments at the 0-7.5 cm, 
7.5-15 cm, and the 15-22.5 cm depths after the second year of the study (Table 24). Bulk density 
measurements showed a significant reduction in compaction moving from 1.476 g/cc in the 
untreated checks to 1.455 g/cc in the areas applied with FGD gypsum (Table 25). This result is 
limited in magnitude, but should be expected, supporting the findings from Agassi et al. (1985). 
Soil water (Table 25) 
Soil water results showed no differences between the untreated checks and the FGD 
gypsum applied areas (Table 25). This result is not expected and is most likely due to 
inappropriately timed moisture sampling. With decreased bulk density or increased aggregation 
water infiltration rates should increase. 
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Table 24 Southern locations penetrometer year two 
 0-7.5 cm 7.5-15 cm 15-22.5 cm 
--------------------------------------Kg of pressure-------------------------------------- 
Untreated Treated Untreated Treated Untreated Treated 
McBride 153 142 223 253 232 222 
Lasater 296 266 391 308 319 226 
Woodall 190 140 183 243 186 234 
Atkinson 223 330 262 306 267 306 
Varner 259 246 263 270 255 277 
Dixon  269 359 398 418 329 331 
Commercial 172 99 292 286 252 201 
Oak Grove 163 150 227 277 174 243 
       
Overall 216 216 280 295 252 255 











Table 25 Southern locations bulk density and soil water year two 




Untreated Treated Untreated Treated 
McBride 1.484 1.361 0.183 0.199 
Lasater 1.464 1.519   
Woodall 1.459 1.442 0.134 0.139 
Atkinson 1.465 1.446   
Varner 1.455 1.365   
Dixon  1.508 1.531 0.178 0.175 
Commercial 1.491 1.525 0.161 0.152 
Oak Grove 1.483 1.453 0.172 0.168 
     
Overall 1.476 1.455 0.165 0.167 
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Bold numbers indicate significant differences between treated and untreated fields 
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Combined locations year two 
Soil pH (Table 26) 
Soil pH increased at the 0-15 cm depth. This observation is credited to the overall 
increases in the southern locations pH where the trend of the FGD material was to raise the pH of 
applied areas (Table 26). There was no significant difference in pH at the 15-30 cm depth. At the 
30-45 cm depth there was a significant decrease in pH that can be associated with the northern 
locations of this study where there was an overall trend of the FGD material to lower the pH of 
applied areas. 
Soil nutrients: K, Ca, and Mg (Table 26) 
 Potassium levels decreased significantly at the 0-15 cm level of the profile as was the 
result of the southern areas of the study (Table 26). There was no difference in potassium levels 
at the 15-30 cm depth and the 30-45 cm depth. Calcium levels were significantly higher across 
all depths as was observed in the southern locations.  Magnesium levels decreased significantly 
across all depths. 
Soil structural components: penetrometer and bulk density (Table 26) 
Penetrometer measurements for the 0-7.5 cm and 15-22.5 cm depths showed no 
differences (Table 26). The 7.5-15 cm depth showed a significant increase due to the 
measurements taken at the northern locations. Bulk density test showed no differences between 
the untreated checks and the FGD gypsum applied areas. 
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Table 26 Soil properties all locations, year two 
 Units Depth Untreated  Treated 
pH  0-15 cm 6.39 6.46 
  15-30 cm 6.36 6.33 
  30-45 cm 6.33 6.22 
K kg/ha 0-15 cm 257 235 
 kg/ha 15-30 cm 126 121 
 kg/ha 30-45 cm 178 173 
Ca kg/ha 0-15 cm 3919 4724 
 kg/ha 15-30 cm 3388 3614 
 kg/ha 30-45 cm 3950 4428 
Mg kg/ha 0-15 cm 291 250 
 kg/ha 15-30 cm 237 227 
 kg/ha 30-45 cm 275 259 
Penetrometer kg/cm
2 
0-7.5 cm 188 200 
 kg/cm
2 
7.5-15 cm 266 281 
 kg/cm
2 
15-22.5 cm 253 264 
Bulk density kg/cm
3 
 1.458 1.454 
Total water %  0.159 0.162 
Bold numbers indicate significant differences between treated and untreated fields 
 
Soil water (Table26) 
Soil water measurements showed no difference between the untreated checks and the 
FGD gypsum applied areas. This would be expected as stated earlier if there has been no 
significant change to soil structure to allow infiltration rates to improve. It remains plausible 
however that due to inappropriately timed measurements and the no till management practices 
that true water differences may have not been observed. 
Aluminum (Table 27) 
Exchangeable aluminum content was determined on soil samples from locations and 
depths where at least one sample had pH levels below 5.5. Most of the samples from most 
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locations had pH levels above 5.5 and therefore had no detectable levels of exchangeable Al in 
both treated and untreated areas. Of the groups of samples that were analyzed, only Commercial 
Nursery at the 15-30 cm depth and Lasater farm at the 30-45 cm depth had enough samples with 
detectable levels of exchangeable Al to conduct a statistical analysis. The results were significant 
between the treatments with aluminum levels measuring .5026 ppm in the untreated checks and 
.1992 ppm in the treated areas (Table 27). Most of this measurable difference came from Lasater 
farm where the treated areas showed a large reduction in available aluminum. However there 
were noticeable improvements in available aluminum at Commercial Nursery as well. These 
effects are limited due to the relatively high pH and low level of  exchangeable aluminum at 
most sites. The aluminum data might have  been more conclusive had more sites with higher 
levels of aluminum been used. 
Table 27 Exchangeable aluminum at two fields, year two 
Location Aluminum (ppm) 
 Untreated Treated 
Commercial (15 to 30 cm depth) 0.1738 0.1306 
Lasater (30 to 45 cm depth) 0.8314 0.2678 
   
Overall 0.5026 0.1992 




Crop yield (Table28) 
 The effect of FGD gypsum was significant on relative crop yield. The gypsum treated 
areas increased in production by a average of 7.8% on fields that were measured for yield 
differences (Table 28). The largest portion of these differences were observed on corn fields 
where the treated areas out produced untreated checks by 18%. It is notable that in every 
observation made on corn yield, the gypsum treated areas outperformed the untreated checks. 
The only other crop showing as positive a response is alfalfa. The yield response observed for 
alfalfa however is most likely due to the soil differences observed in Menees field B and not 
directly related to the application of FGD gypsum. 
 
Table 28 Actual and relative crop yields 
Location and Year Crop Untreated Treated Relative yield 
  -----------------------------------kg/ha------------------------ 
MeneesB, 2007 alfalfa 4213 4916 1.166 
MeneesB, 2008 soybeans 2828 2759 0.973 
MeneesA, 2008 corn 9381 11670 1.243 
McBride, 2008 wheat 4185 4004 0.956 
McBride, 2008 sorghum 651 714 1.096 
Lasater, 2007 cotton 1708 1583 0.927 
Lasater, 2008 wheat 5583 5435 0.973 
Lasater, 2008 soybeans 3016 2953 0.979 
Woodall, 2008 wheat 7652 8371 1.093 
Atkinson, 2008 wheat 6927 6739 0.972 
Varner, 2007 corn 2495 3141 1.258 
Varner, 2007 corn 3449 4082 1.183 
Varner, 2008 soybeans 2740 2978 1.086 
Moore, 2008 corn 9669 10604 1.083 
     
Overall  1.078 




5. Conclusions and Recommendations 
 The addition of new scrubbers at TVA coal fired power plants that produce FGD gypsum 
has afforded the areas surrounding the facilities with the opportunity to receive large quantities 
of the material at little to no cost.  It is well documented that similar materials have benefits in 
some soils when used to combat both soil nutrient and structural problems. These materials have 
been proven to increase infiltration rates, decrease erosion, ameliorate subsoil acidity, reclaim 
alkaline soils, and increase crop yields. The goal of this study was to evaluate the effects of FGD 
gypsum by looking at the gypsum’s influence on soil pH, Mehlich 1 extractable nutrients, 
exchangeable aluminum, bulk density, water infiltration rates, structural stability and crop yields 
on various Tennessee soils and crops. 
 Soil pH showed slight increases across the southern locations and slight decreases across 
the northern locations. The changes in pH proved to be significant in both instances proving that 
FGD gypsum material can have varied effects depending on the environments in which the 
material is applied and the residual lime content of the material. The differences observed 
between the two regions may be characterized as being the result of variations of long term pH 
management of the soil. FGD gypsum can affect pH in two ways: the salt effect from the gypsum 
can reduce the pH, and the effect of the unreacted lime component can increase pH. The net 
effect may depend on the initial pH of the soil. By reviewing overall pH numbers for both the 
northern and southern locations one can conclude that the northern locations have more than 
likely been limed more frequently than the comparative fields in the southern region. This type 
of management difference would tend to make the northern locations more likely to experience 
the salt effect, previously discussed in the results chapter, explaining the decrease in overall 
northern pH. Sites in the southern region, being managed at lower overall pH levels, tended to 
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display the pH increasing effects of the liming constituent in the material as was expected. It may 
also be that the samples of the material taken before application were not truly representative of 
the material as spread, and that the southern material had more residual lime. It would have been 
desirable to have sampled the material actually applied, but this was not done. However, across 
both regions, sites with first year untreated pH below 6.2 tended to increase in pH with FGD 
gypsum application, while those above 6.2 tended to decrease. In the second year pH levels were 
generally higher in both treated and untreated across all sites, for unknown reasons. However, 
the northern sites still had higher overall pH, and maintained decreases in pH where FGD 
gypsum was applied, while southern sites generally saw increases in pH. The relationship of pH 
change to untreated pH was not as clear during the second year. 
 Potassium levels decreased in the southern region of the study indicating the FGD 
gypsum can have an effect on soil fertility as indicated by Farina et al., (2000). This effect should 
be considered when applying the material and could prove costly to correct with ever increasing 
nutrient prices.  The study showed increases in calcium at all three depths across all locations. 
These observations suggest that the material has moved deep into the profile through dissolution 
and leaching. This however was only true at the southern locations. At the northern locations the 
Ca levels indicated the FGD gypsum had not yet moved into the subsoil. This difference can 
most likely be attributed to the lower applied rates at the northern locations. In the southern areas 
much of the applied Ca can be accounted for by looking across all three depths indicating that 
this material has dissolved and become available. Magnesium levels decreased after the second 
season indicating that the excess calcium has started displacing magnesium in solution. The soils 
where this displacement was observed were high enough in magnesium to prevent this from 
becoming an issue to plant fertility. However if FGD gypsum material was applied to soils 
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containing lower levels of magnesium nutrient deficiencies could arise. This effect is partially 
mitigated with FGD gypsum since the agricultural lime used in the desulfurization process at the 
TVA steam plants has some Mg which will be recovered in the FGD gypsum. This should be a 
consideration before applying the gypsum to land producing any crops that readily exhibit 
magnesium deficiency as well as on forage land where animals might become deficient in the 
nutrient. 
 Application of the FGD gypsum largely increased compaction, as measured by 
penetrometer resistance, during the first year of the study. This was most likely due to the traffic 
at spreading as the application of the material required numerous trips across the field. However, 
penetrometer measurements showed little to no compaction differences lasting after the second 
year of the study. The fact that bulk density was not increased in the first year raises questions 
about whether the penetrometer effect was altogether from compaction, or whether it was in part 
due to changes in structural aggregate stability increases associated with gypsum application. 
Bulk density measurements decreased after the treatment in the southern region of the study. 
This was largely due to one location, McBride, which had heavy clay soils. No measurable 
differences in bulk density were detected in the northern region after the second year of the 
study. 
 Soil water measurements showed no measurable differences in this study. However, due 
to the time, distance, and weather constraints involved in this project, taking properly timed soil 
water measurements was mostly unachievable. Some measurements were well timed after 
reasonable rainfall events, while the overwhelming majority of locations were taken in much too 
dry conditions to be able to observe true differences. Without observable differences in bulk 
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density it is unlikely that there would be any actual differences in available water. The use of no-
till, with residue cover on the soil, would also help reduce any infiltration effects. 
 This study revealed both positive and negative effects of applying FGD gypsum to soils 
in Tennessee. FGD gypsum has the potential to raise pH in situations where levels are below the 
desirable range. However in pH situations that are maintained at high levels, FGD gypsum can 
potentially lower pH due to the salt effect. This will actually have no negative effects in the pH 
range which was observed in this study. Gypsum has the ability to supply large amounts of 
calcium and sulfur to the soil. The large amounts of calcium supplied by the material have the 
potential to cause other cations such as potassium and magnesium to be leached from the surface 
soil possibly leading to nutrient deficiencies where appropriate levels of potassium and 
magnesium are not present or reintroduced after application. This is especially a concern for 
crops requiring high levels of magnesium and for livestock producers. Due to the overwhelming 
problems it can cause livestock and certain specialty crops it should not be recommended to 
farms engaging in these particular enterprises. One of the main benefits from gypsum application 
in other studies has been the reduction in exchangeable aluminum in acid subsoils at depths 
below those affected by surface lime application. In this study, possibly due to a long history of 
lime application, pH levels in the upper subsoil at  most locations were higher than expected and 
there was no detectable exchangeable Al. However, on the two sites with more acid subsoil 
levels, exchangeable Al was reduced by FGD gypsum application.  Although results were not 
conclusive in this study, soil structure has the potential to be improved by FGD gypsum 
applications through stimulating aggregation. When this aggregation effect takes place, water 
infiltration and overall soil tilth will improve. Any negative effect caused by the application of 
FGD gypsum is easily correctable providing proper soil testing is performed and corrective 
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liming or nutrient applications are made. Due to the fact that there were few distinct economic 
advantages to applying FGD gypsum farmers should have little incentive for applying the 
material, with the exception of two possibilities: corn and specialty crops. Corn yields seem to 
improve with application of FGD gypsum which could warrant the application to corn acreage in 
the state. Another exception to this would be unique crops that require large amounts of calcium 
such as tomatoes or apples, in which case the material could act as an affordable replacement for 
liming or calcium nitrate applications. 
 Several factors should be taken into consideration for future studies of the application of 
FGD gypsum. A more extensive analysis of the material should be taken at the facilities to 
ensure consistency and overall content of the material. When applying treatments, true 
replication should be a foremost priority. Small plot work should be done if possible to eliminate 
possible differences of soil type. Soil water samples should be taken in a more timely fashion 
following rainfall events to better monitor observable differences in available water. More plant 
yield data should be gathered particularly in corn as it seems to have some promise of improving 
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